Introduction
Random amplified polymorphic DNA (RAPD) fingerprinting El], also known as arbitrarily primed polymerase chain reaction (AP-PCR) [2] is a polymerase chain reaction (PCR)-based DNA fingerprinting method. RAPD has been used to type isolates of a number of bacteria [3-61. More recently RAPD was used to determine the taxonomic relationships between leptospiral serovars [7] and for typing bovine isolates of Leptospira [8] . Pkrolat et al. [9] used AP-PCR to examine genetic variability among strains of Leptospira serovar hardjo.
Pathogenic serovars of the genus Leptospira are assigned to one of the genome species L. interrogans, L. weilii, L. borgpetersenii, L. noguchii, L. santarosai, L. inadai or L. kirschneri by DNA hybridisation [lo, 1 13. The non-pathogenic serovars are similarly distributed among several genome species [ 121. Ralph et al. [7] used RAPD as a rapid method for classifying serovars. They performed RAPD on purified DNA and analysed the products by polyacrylamide gel electrophoresis (PAGE) ' .followed by autoradiography. This study demonstrates a simpler and more rapid method of examining the taxonomic relationships between serovars in which RAPD is performed on boiled cultures and the products are analysed by high resolution agarose gel electrophoresis. This procedure was used by Corney et al. [8] for serovar identification of bovine Leptospira isolates. It has none of the hazards associated with PAGE or autoradiography due to handling acrylamide or radioisotopes.
Materials and methods

Bacterial strains
The bacterial strains (Table 1) were obtained from L.
Smythe (WHO Collaborating Centre for Reference and
Research on Leptospirosis; Brisbane, Queensland, Australia) except for L. borgpetersenii serovar hardjobovis strains 11135 and Hb-15b-067, which were obtained from the Commonwealth Serum Laboratories (Parkville, Victoria, Australia) and Dr C. Bolin (National Animal Disease Center, Ames, Iowa, USA), respectively.
RAPD
DNA for RAPD was prepared by rapid lysis of pelleted cells [8] . RAPD was performed with primers LlO and US as described by Corney et al. [8] , and primers L7 (5'TGCACCCTCCCCCCGGCCGA3'), L9 (S'TCGCG-CTAGAGATGGCGGGG3'), L11 (S'GGCCGGGGGG-AGGGTGCAC3') and L12 (S'AGGCGGCGCCAGC-AGCGCG3 ').
Agarose gel electrophoresis
Up to 20 ,ul of RAPD products were loaded on to agarose 2% submarine gels by either 'conventional' or 'dry' gel loading methods and electrophoresed for 2 h at 100 V (Pharmacia GNAlOO electrophoresis cell) or 150 V (Pharmacia GNA200 electrophoresis cell). Gels were stained with ethidium bromide and photographed. RAPD profiles were compared by eye.
For 'conventional' loading, gel loading buffer consisting of bromphenol blue 0.25% w/v, xylene cyanol 0.25% w/v and sucrose 40% w/v [13] was diluted 1 in 6 in RAPD reaction mixture. Gels were submerged in electrophoresis buffer (0.5 X TBE; 0.045 M Trisborate and 0.00 1 M ethylenediamine tetraacetic acid disodium salt) [13] and the mixture was loaded through the buffer into the wells. For 'dry loading', horizontal gels were' cast as normal and were placed in the electrophoresis cell. Electrophoresis buffer was added to the cell until it was almost lapping the upper gel surface. Each sample was loaded into the dry wells without gel loading buffer, and voltage was applied for 1-2 min. The gels were submerged in buffer and electrophoresis was continued for 2 h.
Results
Comparison of 'dry' loading and 'conventional' gel loading
Preliminary results suggested that 'dry' loading gives clearer profiles with sharper bands than 'conventional' gel loading. To demonstrate the difference, duplicate agarose 2% gels were loaded with the same volumes of two RAPD reactions and run under identical conditions. 'Dry' loading was used for one gel, and 'conventional' loading was used for the other. 'Dry' loading gave better definition of bands than did 'conventional' loading. Faint bands were clearer and close bands were better resolved. 'Dry' loading was adopted for all RAPD experiments.
Analysis of serovars with primers LlO and US
Type strains from 45 serovars (as listed by Faine [14]), and two serovar hardjobovis strains, representing 2 1 serogroups, were analysed by RAPD with primers L10 and US. Each RAPD was performed up to three times. Thirteen serovars were from serogroup Pyrogenes.
Generally, each strain had a unique RAPD profile with each primer. Profiles were reproducible, although there were minor variations in band intensity in some cases. Representative profiles are shown in Figs. 1 and 2. The RAPD profiles were compared by eye, and the strains were placed in RAPD similarity groups 1-8 as shown in Table 1 . Both primers yielded the same groupings. Groups 1-7 correlated with L. interrogans, L. borgpetersenii, L. santarosai, L. noguchii, L. weilii, L. kirschneri and L. rneyeri, respectively, according to published genome species assignments [ 10, 1 1, 141. Thirteen serovars . from serogroup Pyrogenes were distributed among five RAPD groups. The reference strain of serovar hamptoni (also from serogroup Pyrogenes) bore no resemblance to any other serovar, and was the only member of RAPD group 8.
The type strains of serovars ballum and arborea were exceptions to the above. They had identical profiles with primer L10, but differed by one band with primer US. Similarly, serovars pomona and kennewicki had identical profiles with primers L10 and US; serovars icterohaemorrhagiae and copenhageni were identical with primer L10 and similar with primer US as were serovars zanoni and robinsoni; and serovars hardjobovis and balcanica were similar with both primers.
Resolution of closely related serovars
As RAPD with primers L10 and US failed to resolve certain serovars, and yielded very similar profiles for others, additional primers L7, L9, L l l and L12' were tested on a selection of these serovars, i.e., pomona, kennewicki, robinsoni, zanoni, balcanica, and genotypes A (strain 11135) and B (strain Hb-15b-067) of hardjobovis [15] . The latter two strains differ by one band with primer L10 and are identical with US [8] . Primers L9, L11 and L12 failed to distinguish between pomona and kennewicki and were discarded. Primer L7 differentiated between the five strains (Fig. 3) .
Discussion
RAPD on crude cell lysates generated specific and reproducible fragment profiles on agarose gels which were characteristic of each leptospiral serovar. Serovars could be assigned to groups that matched each genome species of Leptospira on the basis of overall. pattern similarities.
This procedure has several advantages over other similar methods. Rigorous DNA purification is not required. 'Dry' loading the agarose gels gives them sufficient resolution and sensitivity to remove the need for PAGE and autoradiography and the associated hazards. Pattern matching is done by eye, obviating the need for sophisticated computer-based analysis systems. Thus, the technique allows presumptive genome species assignments or isolate typing with minimal 'capital outlay and minimal exposure to dangerous chemicals.
The fragment profiles were reproducible despite the use of non-standardised crude lysates in the RAPD reactions. Preliminary experiments demonstrated that consistent profiles could be obtained over a wide range of DNA concentrations (up to 10000-fold; results not shown). Similar results were reported by Welsh and McClelland [2] , who attributed the reproducibility of their RAPD profiles to the use of a low annealing temperature in the first few amplification cycles followed by a high annealing temperature for the rest of the cycles.
This method has been used to identify bovine isolates of Leptospiru [8] . The fact that almost all serovars examined in this study had unique RAPD profiles strongly suggests that a simplified RAPD such as this could be used for typing isolates from a wide variety of sources. It is possible to design an RAPDprocedure with a predetermined degree of resolution depending on the primer used. For example, primers such as L10 and US were useful for examining similarities between isolates and serovars, perhaps as a tool for making presumptive species assignments. Primer L7 provided finer resolution and was usehl for differentiating between closely related serovars and genotypes. kirsc hneri..
In conclusion, RAPD coupled with agarose gel electrophoresis is a rapid and simple method for making preliminary . genome species assignments. RAPD also has potential as a rapid method for serovar identification.
